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@)  Constant  brightness  liquid  crystal  display  backlight  control  system. 
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(57)  A  LCD  backlight  system  which  regulates  the 
light  generated  by  the  lamp  by  controlling  the 
intensity  of  the  light  using  a  photoresistor  cell. 
The  current  provided  to  the  lamp  is  controlled 
by  a  pulse  width  modulation  (PWM)  signal.  The 
PWM  signal  responds  to  brightness  adjust- 
ments  by  the  user  and  to  a  photoresistor  exp- 
osed  to  the  light  from  the  lamp.  An  operational 
amplifier  circuit  controls  the  PWM  signal  so  that 
if  the  lamp  is  too  bright,  the  current  to  the  lamp 
is  reduced,  and  if  the  lamp  is  too  dim,  the 
current  to  the  lamp  is  increased.  When  the  lamp 
brightness  reaches  the  appropriate  intensity, 
the  output  of  the  operational  amplifier  is  un- 
changing,  causing  the  intensity  of  the  lamp  to 
remain  stable. 
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The  invention  generally  relates  to  backlights  for 
liquid  crystal  displays,  and  more  particularly,  to  a 
backlight  system  providing  a  constant  brightness. 

Liquid  crystal  displays  (LCD)  are  commonly  used 
in  portable  computer  systems,  televisions  and  other 
electronic  devices.  An  LCD  requires  a  source  of  light 
for  operation  because  the  LCD  is  effectively  a  light 
valve,  allowing  transmission  of  light  in  one  state  and 
blocking  transmission  of  light  in  a  second  state.  Back- 
lighting  the  LCD  has  become  the  most  popularsource 
of  light  in  personal  computer  systems  because  of  the 
improved  contrast  ratio  and  brightness.  LCDs  have 
become  especially  popular  in  portable  computer  ap- 
plications  because  they  are  sufficiently  rugged  and 
require  little  space  to  operate. 

Backlighting  is  generally  provided  to  LCDs  using 
a  fluorescent  lamp  and  some  means  for  diffusing  the 
light  generated  by  the  lamp  to  create  a  uniform  pat- 
tern  of  light  behind  the  LCD.  A  preferred  diffusion 
technique  is  shown  in  U.S.  Patent  5,050,946  entitled 
"Faceted  Light  Pipe."  The  intensity  of  the  light  gener- 
ated  by  a  fluorescent  lamp  generally  depends  upon 
the  current  through  the  lamp  and  the  lamp's  temper- 
ature.  Constant  current  or  input  voltage  feed  forward 
supplies  have  conventionally  been  used  to  ensure 
that  the  backlight  current  remains  steady,  so  that  the 
brightness  remains  relatively  steady. 

When  a  fluorescent  lamp  first  receives  power, 
however,  it  is  generally  cold.  Cold  fluorescent  lamps 
generally  provide  relatively  little  light,  and  generate  in- 
creasing  light  as  the  temperature  increases.  Conse- 
quently,  when  the  computer  system  is  first  turned  on, 
the  display  often  appears  unusually  dim.  To  improve 
the  display's  readability,  the  user  frequently  adjusts 
the  brightness  control.  As  the  fluorescent  lamp 
warms  up,  the  intensity  of  the  light  generated  by  the 
lamp  increases.  This  increase  is  so  gradual,  however, 
that  the  user's  eyes  often  adjust  and  the  user  is  un- 
likely  to  notice  the  increased  brightness. 

If  the  user  happens  to  notice  the  increased  bright- 
ness,  he  is  likely  to  adjust  the  contrast  instead  of  the 
brightness  to  improve  the  display's  readability.  Al- 
though  adjusting  the  contrast  changes  the  apparent 
brightness  of  the  display,  the  actual  brightness  of  the 
lamp  is  not  affected.  Instead,  the  ratio  of  the  lumi- 
nance  values  for  the  foreground  and  background  on 
the  display  is  changed.  Consequently,  adjusting  the 
contrast  on  an  LCD  does  not  affect  the  current 
through  the  lamp,  so  the  current  drain  on  the  battery 
in  the  computer  system  is  higher  than  if  the  bright- 
ness  had  been  adjusted.  As  a  result,  the  unnecessary 
brightness  of  the  lamp  reduces  the  battery  life  for  the 
entire  system. 

An  LCD  backlight  system  according  to  the  pres- 
ent  invention  regulates  the  light  generated  by  the  flu- 
orescent  lamp  by  controlling  the  intensity  of  the  light 
using  a  photoresistor  cell.  The  current  provided  to  the 
lamp  is  controlled  by  a  pulse  width  modulated  (PWM) 

signal.  To  permit  the  user  to  manually  adjust  the 
brightness  of  the  display,  a  potentiometer  regulates 
the  output  of  a  voltage  divider.  The  output  of  this  vol- 
tage  divider  is  compared  with  the  output  of  a  voltage 

5  divider  regulated  by  a  photoresistor  exposed  to  the 
light  from  the  lamp.  If  the  output  of  the  potentiometer 
voltage  divider  is  different  from  the  output  of  the  pho- 
toresistor  voltage  divider,  an  amplifier  amplifies  the 
difference  and  provides  it  to  the  PWM  signal  genera- 

10  tor.  Consequently,  if  the  brightness  of  the  lamp  varies 
from  its  setting  according  to  the  potentiometer,  the  re- 
sistance  of  the  photoresistor  changes,  causing  a  dif- 
ference  in  the  voltage  divider  signals.  The  difference 
in  the  signals  changes  the  duty  cycle  of  the  PWM  sig- 

15  nal,  thus  increasing  or  decreasing  the  current  provid- 
ed  to  the  lamp.  When  the  lamp  brightness  reaches 
the  appropriate  intensity,  the  output  of  each  voltage 
divider  is  identical,  causing  the  intensity  of  the  lamp 
to  remain  stable.  Thus,  the  intensity  of  the  light  gen- 

20  erated  by  the  lamp  directly  affects  the  amount  of  cur- 
rent  provided  to  the  lamp. 

A  better  understanding  of  the  present  invention 
can  be  obtained  when  the  following  detailed  descrip- 
tion  of  the  preferred  embodiment  is  considered  in 

25  conjunction  with  the  following  drawings,  in  which: 
Figure  1  is  a  side  view  of  an  LCD  and  backlight 
for  a  portable  computer  incorporating  the  present 
invention; 
Figure  2  is  a  perspective  view  of  portions  of  the 

30  backlight  of  Figure  1  ; 
Figure  3  is  a  schematic  diagram  of  an  oscillator 
circuit;  and 
Figure  4  is  a  schematic  diagram  of  backlight  lamp 
control  circuitry  according  to  the  present  inven- 

35  tion. 
Figure  1  generally  illustrates  a  conventional  sys- 

tem  for  backlighting  an  LCD  16  for  a  portable  comput- 
er.  The  system  provides  a  generally  uniform  light  pat- 
tern  behind  the  LCD  16  so  that  the  opaque  symbols 

40  on  the  LCD  16  contrast  with  the  lighted  background. 
It  should  be  noted  that  the  present  system  affects 
brightness,  which  is  the  overall  luminance.  Brightness 
must  be  distinguished  from  contrast,  which  is  the  dif- 
ference  between  the  maximum  and  minimum  lumi- 

45  nance  values  for  an  image  on  the  display.  The  present 
system  only  varies  the  display's  brightness,  and  has 
no  effect  on  contrast. 

Afluorescent  lamp  1  0  comprises  the  light  source 
for  the  system.  The  lamp  10  is  located  at  the  end  of 

so  a  light  pipe  12  having  some  means  of  scattering  the 
light.  Various  methods  of  scattering  light,  any  of  which 
may  be  used  in  the  present  system,  diffuse  the  light 
from  the  lamp  more  or  less  evenly  through  the  LCD, 
including  a  scattering  structure  printed  on  the  front 

55  surface  of  the  light  pipe  12,  a  variable  density  scat- 
tering  structure  within  the  pipe  12,  or  a  faceted  sur- 
face  for  reflecting  the  light  as  shown  in  U.S.  Patent 
5,050,946.  The  light  pipes  shown  in  U.S.  Patent 
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5,050,946  are  the  preferred  units.  Although  the  scat- 
tering  means  disperses  the  light,  the  light  is  further 
diffused  by  a  diffuser  14,  which  is  generally  a  trans- 
lucent  plastic  material  which  produces  a  more  uniform 
display.  The  LCD  16  is  placed  in  front  of  the  diffuse 
light  pattern  created  by  the  light  pipe  12  and  the  dif- 
fuser  14  so  that  light  passes  through  the  translucent 
LCD  16,  contrasting  with  the  opaque  letters  and  sym- 
bols  on  the  LCD  16. 

To  more  effectively  illuminate  the  LCD  16,  a  re- 
flector  18  is  provided  around  the  lamp  10  so  that  the 
light  generated  by  the  lamp  10  is  directed  into  the  light 
pipe  12.  In  one  embodiment,  a  small  hole  19  (Fig.  2) 
is  formed  in  the  side  of  the  reflector  18  on  the  oppo- 
site  side  of  the  lamp  10  from  the  light  pipe  12.  A  pho- 
toresistor  20  is  positioned  adjacent  the  hole  so  that 
the  photoresistor  20  is  directly  exposed  to  the  light 
from  the  lamp  10.  The  physical  properties  of  the  pho- 
toresistor  20  cause  the  resistance  of  the  photoresis- 
tor  20  to  vary  as  a  function  of  the  intensity  of  the  light 
to  which  it  is  exposed.  The  photoresistor  20  is  com- 
posed  of  cadmium  sulfide,  which  is  well  known  in  the 
art  as  a  material  having  photoresistive  properties.  In 
this  embodiment,  the  resistance  of  the  photoresistor 
20  increases  as  the  intensity  of  the  light  from  the  lamp 
10  decreases,  and  vice  versa.  In  a  second  and  pre- 
ferred  embodiment,  the  photoresistor  20  is  located  at 
the  end  of  the  light  pipe  12  opposite  the  lamp  10  with 
a  hole  in  the  appropriate  bracketry  21  to  allow  the 
photoresistor  20  to  receive  the  light  passing  through 
the  light  pipe  12. 

The  intensity  of  the  light  generated  by  the  lamp 
10,  and  thus  the  resistance  of  the  photoresistor  20, 
is  controlled  by  a  power  supply  and  a  control  system 
shown  in  Fig.  4.  Power  is  supplied  to  the  lamp  10  by 
backlight  power  circuitry  22  which  generates  a  vari- 
able  AC  signal.  Although  the  frequency  of  the  AC  sig- 
nal  remains  substantially  constant,  the  current  gener- 
ated  by  the  backlight  power  circuitry  22  varies.  The  in- 
tensity  of  the  light  generated  bythelamp  10depends 
upon  the  RMS  value  of  the  current  delivered  by  the 
backlight  power  circuitry  22,  and  the  temperature  of 
the  lamp  10. 

The  current  generated  by  the  backlight  power  cir- 
cuitry  22  is  controlled  by  backlight  control  circuitry  24. 
A  pulse  width  modulated  (PWM)  signal  generated  by 
the  backlight  control  circuitry  24  controls  the  current 
to  the  lamp  1  0  from  the  power  circuitry  22.  The  PWM 
signal  responds  to  two  variables.  First,  a  brightness 
potentiometer  80  controlled  by  the  user  regulates  the 
PWM  signal  to  the  power  circuitry  22.  The  brightness 
potentiometer  80  is  a  manually  adjustable  resistor 
which  the  user  can  operate  to  brighten  or  dim  the  dis- 
play.  Second,  the  resistance  of  the  photoresistor  20, 
which  varies  in  accordance  with  the  intensity  of  the 
light  generated  by  the  lamp  10,  affects  the  PWM  sig- 
nal  and  stabilizes  the  intensity  of  the  light  generated 
by  the  lamp  10  at  the  level  set  by  the  potentiometer 

80,  as  discussed  in  detail  below. 
To  generate  the  PWM  signal,  the  backlight  con- 

trol  circuitry  24  receives  a  steadily  oscillating  signal 
5  from  an  oscillator  26.  Referring  now  to  Fig.  3,  a  com- 

parator  90,  preferably  a  Texas  Instruments  TLC3702 
having  a  totem  pole  output,  is  used  as  the  active  ele- 
ment  in  the  oscillator  26.  Other  equivalent  devices 
could  be  utilized.  A  resistor  92  is  connected  between 

10  the  5  volt  line  and  the  noninverting  input  of  the  com- 
parator  90.  A  resistor  94  is  connected  between  the 
noninverting  input  and  ground.  A  resistor  96  is  con- 
nected  between  the  noninverting  input  and  the  output 
of  the  comparator  90  to  provided  feedback.  Acapac- 

15  itor98  is  connected  between  the  inverting  input  of  the 
comparator  90  and  ground.  A  resistor  1  00  is  connect- 
ed  between  the  output  and  the  inverting  input  of  the 
comparator  90.  This  configuration  results  in  an  oscil- 
lator,  with  the  output  of  the  comparator  90  being  a 

20  square  wave,  with  a  triangular  waveform  appearing  at 
the  inverting  input.  Preferably  the  triangular  wave- 
form  oscillates  between  1/3  and  2/3  of  the  5  volt  sup- 
ply.  These  points  are  developed  by  the  selection  of 
the  values  of  resistors  92,  94  and  96,  so  that  when  the 

25  output  is  high,  the  noninverting  input  has  a  3.33V  lev- 
el  and  when  the  output  is  low,  the  noninverting  input 
has  a  1  .67V  level.  Then  as  the  capacitor  98  is  charged 
or  discharged  through  resistor  100,  the  output 
changes  at  the  1/3  and  2/3  points.  In  the  preferred 

30  embodiment,  the  oscillator  26  delivers  a  substantially 
triangular  waveform  having  a  frequency  of  approxi- 
mately  100  kHz.  It  is  understood  that  numerous  other 
oscillator  designs  could  be  utilized  to  develop  the  pre- 
ferred  triangular  waveform. 

35  Returning  to  Fig.  4,  the  current  for  the  backlight 
lamp  is  generated  by  the  backlight  power  circuitry  22, 
which  includes  a  DC  to  AC  inverter  comprising  a  sin- 
gle  transformer  and  two  transistors.  An  inverterofthis 
type  is  often  referred  to  as  a  current-fed  Royer  oscil- 

40  lator.  The  DC  voltage  for  the  inverter  is  supplied  by 
the  system  DC  supply,  preferably  the  battery  voltage 
in  a  portable  computer.  The  first  terminal  of  the  back- 
light  lamp  10  is  connected  to  a  terminal  of  a  capacitor 
28,  and  the  capacitor's  28  other  terminal  is  connected 

45  to  one  terminal  of  a  secondary  coil  30  of  a  transformer 
32.  The  capacitor  28  serves  to  limit  the  current  to  the 
lamp  10  so  that  the  lamp  10  is  not  damaged  by  ex- 
cessive  current,  yet  the  capacitor  28  does  not  dissi- 
pate  significant  power. 

so  In  addition  to  the  secondary  coil  30,  the  transfor- 
mer  32  includes  a  center  tapped  primary  coil  34  and 
a  base  drive  coil  36.  The  second  terminal  of  the  sec- 
ondary  coil  32  is  connected  to  the  center  tap  of  the 
primary  coil  34.  Because  the  secondary  coil  30  gen- 

55  erates  extremely  high  voltage  relative  to  the  primary 
coil  34,  connecting  the  secondary  coil  30  to  the  center 
tap  merely  connects  the  secondary  coil  30  to  a  lower 
reference  voltage.  If  convenient,  the  secondary  coil 
30  could  be  connected  to  ground.  The  center  tap  of 
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the  primary  coil  34  is  also  connected  to  the  battery 
voltage  supplied  by  the  computer  system  to  drive  the 
transformer  32. 

The  end  terminals  of  the  primary  coil  34,  on  the 
other  hand,  are  connected  to  the  opposite  terminals 
of  a  capacitor  38,  and  each  end  terminal  of  the  pri- 
mary  coil  34  is  further  connected  to  a  collector  of  an 
NPN  bi-polar  junction  transistor  (BJT)  40,  42.  The 
base  of  each  BJT  40,  42  is  connected  to  a  resistor  44, 
46,  and  each  resistor  44,  46  is  further  connected  to 
the  battery  voltage.  In  addition,  the  bases  of  the  BJTs 
40,  42  are  connected  to  the  opposite  terminals  of  a 
base  coil  36  of  the  transformer  32.  Therefore,  when 
the  base  coil  36  is  polarized  in  one  direction,  one  of 
the  BJTs  40,  42  is  activated  and  the  other  is  deacti- 
vated.  When  the  base  drive  coil  36  reverses  polarity, 
the  status  of  each  BJT  40,  42  switches,  so  that  the 
BJTs  40,  42  alternately  switch  on  and  off. 

The  emitter  of  each  BJT  40,  42  is  connected  to  a 
terminal  of  an  inductor  48  having  its  other  terminal 
connected  to  the  drain  of  an  n-channel  enhancement- 
mode  metal  oxide  silicon  field  effect  transistor  (MOS- 
FET)  50.  The  source  of  the  MOSFET  50  is  connected 
to  ground,  and  the  gate  of  the  MOSFET  50  receives 
the  PWM  signal  generated  by  the  backlight  control 
circuitry  24.  The  gate  is  also  connected  to  a  resistor 
51  which  is  also  connected  to  ground.  Therefore, 
when  the  PWM  signal  is  logic  level  high,  the  MOSFET 
50  is  turned  on  and  shorts  one  end  of  the  inductor  48 
to  ground.  Conversely,  when  the  PWM  signal  is  logic 
level  low,  the  MOSFET  50  is  off,  creating  an  open  cir- 
cuit  between  the  inductor  48  and  ground. 

This  circuit  generates  an  AC  signal  to  the  back- 
light  lamp  10  by  inverting  and  stepping  up  the  DC  bat- 
tery  supply  signal.  When  the  PWM  signal  closes  the 
MOSFET  50  connection  to  ground,  the  battery  vol- 
tage  is  asserted  across  the  coils  34  through  one  of 
the  BJTs  40,  42.  The  voltage  generated  by  the  base 
coil  36  controls  which  BJT  40,  42  is  activated.  The 
base  coil  36  switches  polarity  when  the  flux  in  the 
transformer  core  reaches  its  positive  and  negative 
saturation  points.  When  the  first  BJT  40  activates  at 
one  of  the  saturation  points  of  the  core,  the  second 
BJT  42  turns  off,  placing  the  battery  voltage  across 
the  left  half  of  the  primary  coil  34.  Similarly,  when  the 
flux  in  the  transformer  core  reaches  the  opposite  sat- 
uration  point,  the  first  BJT  40  turns  off  and  the  second 
BJT  42  turns  on,  causing  the  battery  voltage  to  be 
placed  across  the  right  half  of  the  coil  34.  This  causes 
current  to  flow  in  alternating  halves  of  the  primary  coil 
34,  inducing  an  alternating  current  in  the  secondary 
coil  30,  which  is  provided  to  the  backlight  lamp  10. 
The  inductor  48  maintains  a  constant  current  flowing 
through  the  emitters  of  BJTs  40,  42. 

When  the  MOSFET  50  is  cut  off,  the  inductor  48 
continues  to  provide  a  decreasing  current.  To  conduct 
this  current,  the  anode  of  a  Schottky  diode  52  is  con- 
nected  to  the  inductor  48.  The  cathode  is  connected 

to  the  battery  voltage  so  that  the  current  is  directed 
back  into  the  supply  line.  Finally,  a  capacitor  54  is 
connected  between  the  battery  voltage  and  ground  to 

5  dissipate  sudden  fluctuations  and  noise  in  the  battery 
voltage. 

To  close  the  lamp  10  current  circuit,  the  second 
terminal  of  the  lamp  10  is  connected  to  the  cathode 
of  a  first  diode  56  and  the  anode  of  a  second  diode 

10  58.  The  anode  of  the  first  diode  56  is  connected  to 
ground.  The  cathode  of  the  second  diode  58  is  con- 
nected  to  a  pair  of  resistors  60,  62.  The  second  ter- 
minal  of  the  first  resistor  62  is  connected  to  ground, 
and  the  second  terminal  of  the  second  resistor  60  is 

15  connected  to  a  capacitor  64,  which  is  connected  to 
ground,  and  to  the  base  of  an  NPN  BJT  66.  This  circuit 
is  a  current  limiter  circuit  to  prevent  damage  to  the 
lamp  10.  The  collector  of  the  BJT  66  is  connected  to 
the  inverting  input  of  an  operational  amplifier  70, 

20  which  is  discussed  below,  and  the  emitter  of  the  BJT 
66  is  connected  to  ground.  Therefore,  if  enough  cur- 
rent  passes  through  the  lamp  10  to  cause  sufficient 
voltage  at  the  node  of  the  resistor  60  and  the  capac- 
itor  64  to  turn  the  BJT  66  on,  the  inverting  input  of  the 

25  operational  amplifier  70  is  connected  to  ground.  As 
discussed  below,  this  causes  the  control  signal  from 
the  operational  amplifier  70  to  increase,  thus  reduc- 
ing  the  duration  of  the  duty  cycle  of  the  PWM  signal. 
Consequently,  the  current  delivered  to  the  lamp  10  is 

30  clamped  at  a  maximum  value. 
To  control  the  backlight  power  circuitry  22,  the 

control  circuitry  24  includes  a  comparator  68,  again 
preferably  a  TLC3702  or  equivalent  device,and  which 
generates  the  PWM  signal  provided  to  the  power  cir- 

35  cuitry  22.  The  noninverting  input  of  the  comparator68 
receives  the  100  kHz  triangular  waveform  present  at 
the  inverting  input  of  the  comparator  90  in  the  oscil- 
lator  26.  The  inverting  input  of  the  comparator  68  re- 
ceives  a  control  signal  which  controls  the  duration  of 

40  the  positive  pulse  delivered  by  the  comparator  68, 
thus  generating  a  PWM  signal.  When  the  voltage  of 
the  oscillator  signal  is  above  the  control  signal  vol- 
tage,  the  comparator  68  generates  a  logic  level  high 
signal  of  5  volts.  Conversely,  when  the  oscillator  sig- 

45  nal  is  below  the  voltage  of  the  control  signal,  the  com- 
parator  68  produces  a  low  signal  of  approximately 
zero  volts.  Thus,  the  PWM  signal  can  be  controlled  by 
raising  and  lowering  the  control  signal  supplied  to  the 
comparator  68  at  the  negative  input. 

so  The  control  signal  is  generated  by  the  output  of 
the  operational  amplifier  70.  The  power  supply  inputs 
of  the  operational  amplifier  70  are  connected  to  +5 
volts  and  ground,  respectively.  By  creating  a  differ- 
ence  between  the  voltages  received  at  the  noninvert- 

55  ing  and  inverting  inputs  of  the  operational  amplifier 
70,  the  control  signal  output  of  the  operational  ampli- 
fier  70  can  be  manipulated.  A  pair  of  voltage  divider 
circuits  72,  74  control  the  signals  received  at  the  non- 
inverting  and  inverting  inputs  of  the  operational  am- 

4 
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plif  ier  70.  The  first  voltage  divider  circuit  72  comprises 
two  resistors  in  which  the  first  resistor  76  has  double 
the  resistance  of  the  second  resistor  78.  The  first  re- 
sistor  76  is  connected  to  the  +5  volt  line  and  has  its 
second  terminal  connected  to  a  terminal  of  the  sec- 
ond  resistor  78  and  the  noninverting  input  of  the  op- 
erational  amplifier  70.  The  other  terminal  of  the  sec- 
ond  resistor  78  is  connected  to  the  brightness  poten- 
tiometer  80.  The  brightness  potentiometer  80  is  con- 
trolled  manually  bythe  user  to  vary  the  brightness  ac- 
cording  to  the  user's  preference.  To  increase  the 
brightness,  the  resistance  of  the  potentiometer  80  is 
reduced;  conversely,  to  decrease  brightness,  the  po- 
tentiometer  80  resistance  is  increased.  The  second 
terminal  of  the  potentiometer  80  is  connected  to 
ground,  while  the  variable  terminal  of  the  potentiom- 
eter  80  is  connected  to  a  dimmer  transistor  82,  dis- 
cussed  in  more  detail  below.  The  potentiometer  80  re- 
sistance  may  be  varied  between  zero  and  the  resis- 
tance  of  the  first  resistor.  Consequently,  the  direct 
current  voltage  that  may  be  developed  at  the  nonin- 
verting  input  of  t  he  operational  ampl  if  ier  70  by  t  he  vol- 
tage  divider  72  may  vary  between  1/3  and  3/5  of  the 
supply  or  1.67  volts  and  3.00  volts  in  the  preferred 
embodiment.  By  changing  the  resistance  of  the  po- 
tentiometer  80,  the  user  changes  the  voltage  provid- 
ed  by  the  voltage  divider  circuit  72  to  the  noninverting 
input  of  the  operational  amplifier  70. 

The  inverting  input  of  the  operational  amplifier  70 
is  connected  to  the  second  voltage  divider  circuit  74 
controlled  by  the  photoresistor  20  exposed  to  the 
lamp  10.  The  second  voltage  divider  74  comprises  a 
first  resistor  84  having  a  terminal  connected  to  the  +5 
volt  line  and  another  terminal  connected  to  the  invert- 
ing  input  of  the  operational  amplifier  70  and  a  terminal 
of  the  photoresistor  20.  The  photoresistor's  20  other 
terminal  is  connected  to  ground.  In  the  preferred  em- 
bodiment,  the  resistance  of  the  photoresistor  20  in- 
creases  as  the  intensity  of  the  light  from  the  lamp  10 
decreases.  As  the  intensity  of  the  light  diminishes, 
the  resistance  of  the  photoresistor  20  increases, 
causing  the  voltage  generated  by  the  second  voltage 
divider  74  to  increase.  The  resistance  of  the  resistor 
84  depends  upon  the  range  of  the  photoresistor  20. 
To  operate  as  desired  in  the  preferred  embodiment, 
the  second  voltage  divider  74  should  have  the  same 
range  of  values  as  the  first  voltage  divider  72.  There- 
fore,  the  second  voltage  divider  74  should  provide  1/3 
supply  or  1.67  volts  when  the  lamp  10  is  brightest  and 
the  photoresistor  20  at  its  lowest  resistance,  and 
should  provide  3/5  supply  or  3.00  volts  when  the  lamp 
10  is  dimmest  and  the  photoresistor  20  at  its  highest 
resistance.  Thus,  the  resistance  of  the  photoresistor 
20  must  be  determined  at  the  brightest  and  dimmest 
levels,  and  the  appropriate  resistance  of  the  resistor 
84  can  then  be  determined. 

The  operational  amplifier  70  further  includes  a 
feedback  loop  between  the  output  and  the  inverting 

input,  which  includes  a  resistor  86  and  a  capacitor  88 
in  series.  The  resistor  86  and  capacitor  88  are  as- 
signed  values  to  damp  natural  oscillations  in  the  sys- 

5  tern.  The  capacitor  88  creates  a  DC  open  circuit  for 
the  feedback  loop.  Consequently,  the  gain  of  the  am- 
plifier  circuit  for  purposes  of  inverter  control  is  equal 
to  the  operational  amplifier's  70  open  loop  gain,  so 
that  even  minor  differences  between  the  input  sig- 

10  nals  causes  significant  variations  in  the  operational 
amplifier  70  output  voltage.  If  the  input  voltages  differ, 
the  difference  is  amplified  by  the  open  loop  gain,  so 
that  the  output  of  the  operational  amplifier  70  ap- 
proaches  one  of  the  supply  voltages,  depending  on 

15  which  input  is  higher. 
The  output  of  the  operational  amplifier  70  is  ap- 

plied  to  the  inverting  input  of  the  comparator  68  to  be 
compared  against  the  triangular  waveform  from  the 
oscillator  22.  Thus  when  the  output  of  the  operational 

20  amplifier  70  is  increasing,  indicating  that  the  lamp  10 
is  above  the  user  selected  level,  the  output  of  com- 
parator  68  is  high  for  a  decreasing  percentage  of  each 
oscillator  cycle.  On  the  other  hand,  if  the  lamp  10  is 
too  dim,  the  decreasing  output  of  the  operational  am- 

25  plifier  70  results  in  the  output  of  the  comparator  68 
being  high  for  an  increasing  percentage  of  each  os- 
cillation  signal.  Thus  the  PWM  signal  tracks  the  dif- 
ference  between  the  desired  brightness  level  and  the 
actual  level. 

30  As  an  example,  when  the  system  is  turned  on, 
the  user  adjusts  the  potentiometer  80  to  provide  the 
proper  backlight  intensity.  Because  the  lamp  10  is 
very  dim  at  first,  the  resistance  of  the  photoresistor 
20  is  high,  driving  the  output  of  the  second  voltage 

35  divider  74  higher  than  the  output  of  the  first  voltage 
divider  72  so  that  the  voltage  at  the  inverted  input  of 
the  operational  amplifier  70  is  higher.  The  gain  of  the 
operational  amplifier  70  causes  the  output  to  de- 
crease,  which  in  turn  has  the  effect  of  causing  the 

40  output  of  the  comparator  68  to  increase  the  duty  cycle 
of  the  PWM  signal.  As  a  result,  the  current  supplied 
to  the  lamp  10  is  maximized. 

As  the  lamp  1  0  gets  brighter,  the  resistance  of  the 
photoresistor  20  decreases,  and  eventually  the  out- 

45  put  of  the  two  voltage  dividers  72,  74  is  identical  at  the 
level  set  by  the  potentiometer  80.  When  the  temper- 
ature  of  the  lamp  10  rises,  however,  the  lamp  10  gets 
brighter,  causing  the  resistance  of  the  of  the  photo- 
resistor  20  to  decrease.  Therefore,  the  output  of  the 

so  second  divider  74  becomes  less  than  the  output  of 
the  first  voltage  divider  72,  causing  the  output  of  the 
operational  amplifier  70  to  increase.  This  decreases 
the  duty  cycle  of  the  PWM  signal,  and  reducing  the 
current  provided  to  the  lamp  10.  When  the  lamp  10 

55  gets  dimmer,  the  resistance  of  the  photoresistor  20 
returns  to  the  appropriate  level  and  the  outputs  of  the 
voltage  dividers  72,  74  are  again  equal.  The  reverse 
situation  is  also  true,  so  that  the  light  output  is  thus 
regulated  to  the  desired  level. 

5 
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The  backlight  control  circuitry  24  is  also  affected 
by  the  dimmer  signal  asserted  by  the  computer  sys- 
tem.  The  dimmer  signal  is  an  active  low  signal  gener- 
ated  by  the  computer  system  to  reduce  the  power 
consumption  by  the  display.  The  dimmer  signal  is 
connected  to  the  gate  of  the  MOSFET  82,  which  has 
its  source  connected  to  ground  and  its  drain  connect- 
ed  to  the  variable  terminal  of  the  brightness  potenti- 
ometer  80.  While  the  dimmer  signal  is  inactive  and 
high,  the  MOSFET  82  acts  as  a  short  circuit  between 
the  potentiometer's  80  variable  terminal  and  ground. 
Consequently,  the  brightness  designated  by  the  user 
controls  the  brightness  of  the  lamp  10.  When  the  dim- 
mer  signal  is  activated  low,  however,  the  variable  ter- 
minal  of  the  potentiometer  80  is  disconnected,  caus- 
ing  the  full  resistance  of  the  potentiometer  80  to  be 
added  to  the  voltage  divider  circuit  72.  As  a  result,  the 
voltage  asserted  by  the  first  voltage  divider  72  circuit 
increases  to  its  maximum,  thus  indicating  a  desire  for 
a  reduced  light  output.  Therefore,  the  duty  cycle  of 
the  PWM  signal  is  minimized,  thus  reducing  the  cur- 
rent  provided  to  the  lamp  10. 

By  using  this  method  of  limiting  the  duty  cycle  of 
the  PWM  signal  through  the  MOSFET  82,  the  com- 
puter  can  be  programmed  to  limit  the  maximum 
brightness  of  the  lamp.  For  example,  if  the  user  is  dis- 
satisfied  with  the  full  range  of  brightness,  the  comput- 
er  could  be  programmed  to  reduce  the  overall  bright- 
ness  of  the  lamp.  Using  this  feature,  the  maximum 
brightness  adjustment  using  the  potentiometer  80  is 
reduced,  and  all  of  the  potentiometer  80  brightness 
settings  between  the  minimum  and  maximum  are  pro- 
portionally  reduced.  The  computer  implements  this 
brightness  limiting  function  by  intermittently  driving 
the  dimmer  signal  high  and  turning  on  the  MOSFET 
82  so  that,  as  discussed  above,  the  output  of  the  first 
voltage  divider  circuit  is  intermittently  increased  and 
the  duty  cycle  of  the  PWM  signal  is  intermittently  re- 
duced.  A  capacitor  102  connected  between  the  non- 
inverting  input  of  the  operational  amplifier  70  and 
ground  smooths  the  increase  and  decrease  of  the 
voltage  divider  signal  at  the  noninverting  input.  As  a 
result,  the  average  duty  cycle  of  the  PWM  signal  is 
decreased  by  the  percentage  of  time  that  the  dimmer 
signal  is  asserted,  therefore  reducing  the  amount  of 
current  delivered  to  the  lamp. 

If  too  much  current  is  delivered  to  the  lamp,  the 
lamp  could  be  damaged  and  must  be  replaced.  Too 
much  current  may  be  delivered  when  the  backlight 
system  is  first  turned  on  and  the  lamp  is  cold,  so  that 
little  light  is  produced.  In  response  to  the  low  light  in- 
tensity,  the  system  adjusts  to  provide  more  current  to 
the  lamp.  As  the  current  increases,  the  voltage  at  the 
capacitor  64  and  the  resistor  60  increases.  When  the 
voltage  reaches  a  threshold  determined  by  the  resis- 
tor  and  capacitor  values,  the  BJT  66  turns  on,  con- 
necting  the  inverting  input  of  the  operational  amplifier 
70  to  ground.  Because  the  first  voltage  divider  circuit 

72  always  asserts  a  positive  voltage  while  the  system 
is  operating,  the  connection  of  the  inverting  input  to 
ground  causes  the  operational  amplifier  70  to  gener- 

5  ate  a  positive  signal,  thus  reducing  the  percentage  of 
time  that  the  triangular  waveform  of  the  oscillator  26 
exceeds  the  output  of  the  operational  amplifier  70.  As 
a  result,  the  duty  cycle  of  the  PWM  signal  generated 
by  the  comparator  68  is  decreased,  and  the  current 

10  delivered  to  the  lamp  10  drops  to  an  acceptable  level. 
The  above  disclosure  and  description  of  the  in- 

vention  are  illustrative  and  explanatory  thereof,  and 
various  changes  in  size,  shape,  materials,  compo- 
nents,  circuit  elements,  wiring  connections  and  con- 

15  tacts,  as  well  as  in  the  details  of  the  illustrated  circui- 
try  and  construction,  may  be  made  without  departing 
from  the  spirit  of  the  invention. 

20  Claims 

1.  A  power  saving  computer  display  system,  com- 
prising: 

a  generally  planar  LCD;  and 
25  means  located  adjacent  said  LCD  for 

backlighting  said  LCD  including: 
a  light  source  including: 

a  current  supply  generating 
electrical  current; 

30  means  connected  to  said 
current  supply  for  controlling  the  current  gener- 
ated  by  said  current  supply; 

a  lamp  receiving  current 
from  said  current  supply  and  generating  light  hav- 

35  ingan  intensity  proportional  to  the  amount  of  said 
current  received  from  said  current  supply  and 
having  an  intensity  proportional  to  the  tempera- 
ture  of  said  lamp  for  a  given  current;  and 

determination  means  forde- 
40  termining  the  amount  of  said  current  to  be  gen- 

erated  by  said  current  supply,  including: 
means  for  indicating  a 

desired  intensity  of  said  light  generated  by  said 
lamp; 

45  means  for  detecting 
an  actual  intensity  of  said  light  generated  by  said 
lamp; 

means  connected  to 
said  actual  intensity  detection  means  and  re- 

50  sponsive  to  said  detected  actual  light  intensity  for 
indicating  said  actual  intensity  of  said  light  gener- 
ated  by  said  lamp;  and 

means  connected  to 
said  current  supply  control  means  and  respon- 

55  sive  to  said  desired  intensity  indication  means 
and  said  actual  intensity  indication  means  for  pro- 
viding  a  signal  to  said  current  supply  control 
means  to  control  said  current  generated  by  said 
current  supply  so  that  said  detected  actual  inten- 

6 
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sity  approaches  said  desired  intensity;  and 
means  located  adjacent  said  lamp 

for  scattering  the  light  from  said  lamp  to  provide 
a  relatively  uniform  light  through  said  LCD. 

2.  The  computer  display  system  of  claim  1,  wherein 
said  desired  intensity  indication  means  is  man- 
ually  adjustable. 

3.  The  computer  display  system  of  claim  1,  wherein 
said  desired  intensity  indication  means  includes 
a  voltage  divider  circuit,  including: 

a  constant  resistance  having  a  first  termi- 
nal  connected  to  a  constant  voltage,  and  having 
a  second  terminal  connected  to  said  current  ad- 
justment  means;  and 

an  adjustable  resistance  having  a  first  ter- 
minal  connected  to  ground  and  a  second  terminal 
connected  to  said  second  terminal  of  said  con- 
stant  resistance  and  said  current  adjustment 
means. 

4.  The  computer  display  system  of  claim  3,  wherein 
said  adjustable  resistance  includes  a  manually 
adjustable  potentiometer. 

5.  The  computer  display  system  of  claim  1,  wherein 
said  actual  intensity  detection  means  includes  a 
photoresistor. 

6.  The  computer  display  system  of  claim  5,  wherein 
said  means  for  backlighting  further  includes: 

means  surrounding  portions  of  said  lamp 
for  reflecting  light  produced  by  said  lamp  to  said 
means  for  scattering,  said  reflecting  means  in- 
cluding  an  hole,  and 

wherein  said  photoresistor  is  located  over 
said  hole  to  receive  light  produced  by  said  lamp. 

7.  The  computer  display  system  of  claim  5,  wherein 
said  means  for  scattering  includes  a  light  pipe 
having  two  ends,  and  wherein  said  lamp  is  locat- 
ed  adjacent  one  end  and  said  photoresistor  is  lo- 
cated  adjacent  said  other  end. 

8.  The  computer  display  system  of  claim  1,  wherein 
said  actual  intensity  detection  means  includes  a 
variable  resistance  wherein  said  resistance  va- 
ries  corresponding  to  said  actual  intensity  of  said 
light. 

9.  The  computer  display  system  of  claim  8,  wherein 
said  actual  intensity  indication  means  includes: 

a  constant  resistance  having  a  first  termi- 
nal  connected  to  a  constant  voltage,  and  having 
a  second  terminal  connected  to  said  control  sig- 
nal  providing  means;  and 

wherein  said  variable  resistance  has  a  first 

terminal  connected  to  ground  and  a  second  ter- 
minal  connected  to  said  second  terminal  of  said 
constant  resistance  and  said  current  supply  con- 

5  trol  means. 

1  0.  The  computer  display  system  of  claim  1  ,  wherein 
said  control  signal  providing  means  includes: 

comparison  means  having  a  first  input 
10  connected  to  said  desired  intensity  indication 

means  and  having  a  second  input  connected  to 
said  actual  intensity  indication  means  and  having 
an  output  generating  a  signal  corresponding  to  a 
difference  between  said  desired  intensity  and 

15  said  actual  intensity;  and 
a  signal  generator  having  an  input  con- 

nected  to  said  output  of  said  comparison  means 
and  having  an  output  connected  to  said  current 
supply  control  means  and  generating  a  signal 

20  corresponding  to  said  comparison  means  signal. 

11.  The  computer  display  system  of  claim  10,  where- 
in  said  comparison  means  includes  an  operation- 
al  amplifier. 

25 
12.  The  computer  display  system  of  claim  10,  further 

comprising: 
an  oscillator  having  an  output  generating 

an  oscillating  waveform;  and 
30  wherein  said  signal  generator  includes  a 

comparator  having  a  first  input  connected  to  said 
comparison  means  output  and  having  a  second 
input  connected  to  said  oscillator  output. 

35  13.  The  computer  display  system  of  claim  12,  where- 
in  said  signal  generated  by  said  signal  generator 
corresponding  to  said  comparison  means  signal 
is  a  pulse  width  modulated  signal. 

40  14.  The  computer  display  system  of  claim  13,  where- 
in  said  current  supply  control  means  is  a  transis- 
tor  having  a  control  terminal  connected  to  said 
signal  generator  output  and  responsive  to  said 
pulse  width  modulated  signal. 

45 
15.  A  method  for  reducing  power  consumed  by  a 

computer  having  a  backlit  LCD  with  a  fluorescent 
lamp  providing  the  light  source,  the  lamp  receiv- 
ing  current  and  generating  light  having  an  inten- 

50  sity  proportional  to  the  amount  of  said  current  re- 
ceived  and  having  an  intensity  proportional  to  the 
temperature  of  said  lamp  for  a  given  current,  the 
method  comprising  the  steps  of: 

generating  electrical  current  provided  to 
55  the  lamp; 

controlling  the  current  generated;  and 
determining  the  amount  of  said  current  to 

be  generated,  including  the  steps  of: 
indicating  a  desired  intensity  of  said 
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light  generated  by  the  lamp; 
detecting  an  actual  intensity  of  said 

light  generated  by  the  lamp; 
indicating  the  actual  intensity  of  5 

said  light  generated  by  the  lamp;  and 
providing  a  signal  to  control  the  cur- 

rent  generated  so  that  said  detected  actual  inten- 
sity  approaches  said  desired  intensity, 

whereby  said  actual  intensity  of  said  light  10 
generated  by  the  lamp  remains  essentially  con- 
stant  at  a  given  desired  intensity  setting  as  the 
lamp  warms  up  from  an  initial  turned  off  condition 
to  a  full  operating  temperature  condition,  thereby 
reducing  the  power  consumed  by  the  lamp  as  15 
compared  to  providing  a  constant  current  to  the 
lamp  over  the  same  conditions. 

16.  The  method  of  claim  15,  wherein  said  step  of  de- 
tecting  the  actual  intensity  of  said  light  includes  20 
placing  a  photoresistor  adjacent  to  the  lamp. 

17.  The  method  of  claim  15,  wherein  said  backlight 
includes  a  light  pipe  having  two  ends  and  said 
lamp  is  located  adjacent  one  end  and  wherein  25 
said  step  of  detecting  the  actual  intensity  of  said 
light  includes  placing  a  photoresistor  adjacent 
said  other  end  of  the  lightpipe. 

18.  The  method  of  claim  15,  wherein  said  step  of  in-  30 
dicating  a  desired  intensity  includes  setting  a 
manually  adjustable  potentiometer. 
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